E 5 2 05 0 ′ ′ and N 5 0 6 0 ′ ′ . Eleven (11) soil samples were collected in and around the oil producing communities, five from each community and one from Ugbowo Community in Benin City as a control site. The soils were first tested to ascertain the level of contamination before the experimental procedure began. The physiochemical parameters were determined using standard chemical methods of soil determination while remediation process was descriptive using denitrifying bacteria for 27 days at 7 days intervals. The results obtained were subjected to statistical treatment using micro soft excel format, the results were presented in tables and in graphs for easy understanding and explanation. The geochemical results show that the pollution was mild while the remediation method adopted yielded a positive result which, however, reduced the soil organic content, total nitrogen, nitrate and phosphorus. © JASEM http://dx.doi.org/10.4314/jasem.v18i1.8
Introduction:
Since the commercial exploration of petroleum (hydrocarbon) started in Nigeria in 1958 in Oloibiri in the present day Bayelsa State in South -South geopolitical zone of Nigeria, the so-called "blackgold" has continuously grown to be the mainstay of the country's economy. Exploration of hydrocarbon which has its advantage as the mainstay of the country's economy has also been identified as one of the major environmental pollutants in the Niger -Delta region of the country, Odu (1972) , Imasuen and Omorogieva (2013) , Browning (1969) , Raymond and Okieimen (2000) , Ezemonye (2013) . This is as a result of oil spillage and gas flaring; the resulting effects of these activities lead to environmental degradation, soil depletion, water contamination and atmospheric pollution which have adversely affected the inhabitants and the communities where such activities are carried out. Civil unrest against environmental degradation has also been witnessed in the Niger -Delta, Njoku et. al., (2009) .
The effects of oil contamination on the environment, especially on soil quality has been one of the major concerns in Nigeria and regulatory bodies universally. Soil quality determines its actual and potential use. For example, the quality of soil intended for agricultural use depends on the concentration of heavy metals in it, Ukpebor and Unuigbe (2003); Osibanjo et. al., (1983) reported that Nigerian crude oil has a high concentration of iron, copper, zinc, lead and mercury Harrison (1983) indicated that heavy metals can become a threat to vegetation and animals and ultimately affects the quality of human life.
In a recent research investigation, Imasuen and Omorogieva (2013a) , reported that food crops grown around contaminated sites like mechanic workshop, refuse dumpsite and waste currency dumpsite with particular emphasis on cassava and plantain were highly contaminated with heavy metals, thereby exposing the animals and humans that consume it to health risk. It becomes imperative that soils contaminated with foreign and dangerous materials introduced by natural and/or anthropogenic means such as earthquake, volcanic eruption, weathering processes, gas flaring, and oil spillage, industrial activities etc should be subjected to thorough remediation for the purposes of agriculture, residential and commercial activities. The significance of this research is to introduce denitrifying bacteria as a method of bioremediation in soils polluted with petroleum/crude oil and the impact of such soil in the ecological system as a whole. Figure ( 1) below shows the map of the study area. . The petroleum sheen test was carried out prior to sampling. This is a quick and easy field method that can be used to determine if soil sample is considered petroleum saturated. After the preliminary test, at least one foot of the exposed soil was removed before the collection of the sample; this is to ensure the collection of fresh soil sample. The soil samples were collected with hand auger and trowel at a depth of 0 -5cm and then wrapped in a well labeled foil paper to avoid alteration of physical and chemical properties and then taken to the laboratory for analysis. Eleven (11) samples, five from each community and one from control site at Ugbowo main campus of the University of Benin were collected. The soils were air dried for several days after which they were then grounded in an agate mortar and sieved through 2mm nylon sieve. The treated soil samples were digested and analysed using standard chemical method of soil determination after Walkely and Black (1934) . The results obtained were further subjected to statistical treatment using micro soft Excell (2007) version; the results were then presented in graphs and tables for easy understanding.
MATERIALS AND METHODOLOGY

RESULTS AND DISCUSSION
At the commencement of experiment, the soil pH was measured to be 5.69 indicating acidic soil. The acidic nature is due to heavy rainfall which leached (1), the control soil sample pH was found to be 8.27 which is about 31.2 percent difference in value from the contaminated soil. This result revealed that petroleum contaminated soil has increased in pH against the natural background. The soil organic content was low in value, about 1.33 percent, however, when the soil was contaminated with, petroleum, the organic content was further reduced to 1.30 percent which is 3.99 percentage reduction indicating that soil contaminated with petroleum reduces soil fertility. Table (1) also shows that of all the exchangeable cations, sodium (N a + ) was the most abundant with 285 percentage increase in value from non contaminated soil to contaminated soil (0.2 -0.77). Others include potassium (K + ) 283.33 percent (0.12 -0.46), magnesium (Mg 2+ ) 283.33 percent (0.06 -0.23). There is also increase in the heavy metals concentration of the contaminated site as compared to the non-contaminated site. For example, Fe 3+ increased by 75 percent (2.41 -4.22), Zn 2+ increased by 76.9 percent (0.39 -0.69), Mn 2+ increased by 76.3 percent (0.59 -1.04), Cu 2+ increased by 76.9 percent (0.39 -0.69) and Pb 2+ increased by 85.7 percent (0.07 -0.13). Although the concentrations are relatively low and falls within the range of normal soil; they are present in organometallic compounds that migrate with hydrocarbon thereby acting as effective catalysts for the formation of hydrocarbon. They promote the formation of petroleum from organic remains; Odu (1978) . This could be the reason why Nigerian crude oil is rich in some heavy metals; Osibanjo et al., (1983) reported that Nigerian crude oil is rich in heavy metals. It is imperative to mention that the increase in heavy metal concentration as components of petroleum, affects the organic carbon, total nitrogen, nitrate, ammonium and exchangeable cations in the soil. It is also responsible for the stoppage of the microbial activities of micro-organisms, mineralization and humification of organic matter. Table ( 2) shows the remediation process; the experiment was set up and closely monitored for a period of twenty seven (27) days at seven (7) days intervals. After twenty seven (27) days, it was observed that the bacterial (bioremediation) has affected the physico-chemical parameters. The soil pH increased from 5.69 before the start to 6.43 after twenty seven (27) days, an increment of thirteen (13) percent. The heavy metal content of the soil was also reduced. However, the organic content, total nitrogen and phosphorus content were drastically reduced; this can be attributed to the nature of the remediating agent. The result shows that it consumes organic matter while remediating; this is a denitrifying bacteria as it was identified in this study to aligne with Abioye et. al., (2009) . Soil contaminated with petroleum reduced soil fertility for agricultural produce, toxic substance introduced to the soil around contaminated sites and elsewhere were absorbed by crops cultivated around the sites, Amusan et. al., (2005) , Imasuen and Omorogieva (2013a) . These toxic substances such as heavy metals are consumed by man through the food chain consequently affect the quality of human life; Harrison (1982) . It can also lead to Ozone layer depletion, environmental degradation and serious threat to aquatic life. (1) from Ugbowo Campus of the University of Benin as a control sample. The soils were subjected to petroleum sheen test in order to determine whether the soil is saturated with petroleum before taking to the laboratory for analysis using standard chemical method for soil determination after Walkley and Black (1934) . The results were subjected to statistical treatment and presented in the mean form in table (1). The results obtained shows that the soil was mildly polluted. Table ( 2) shows the remediation process by denitrifying bacteria. During the remediation process for a period of 27 days, it was observed that pH of the soil increased from 5.69 to 6.43, the heavy metals gradually reduced from day one towards day twenty seven. In the same vein, the exchangeable cations also decreased in values as the remediation process advanced; this indicates that the remediation method was effective. However, the soil organic content, phosphorus and total nitrogen content as well as the ammonium tend towards a negative value indicating that the remediation process chosen has no restoration effect on the soil parameters as the remediating agent consume it in the process of remediation.
Hence the bacteria were identified as denitrifying.
The experiment also shows that remediation process does not improve calcium to magnesium ratio of the soil as it stands fairly constant at 0.5 on both the treated and controlled soil. This also means that it will be more difficult for plants to take up potassium and there can be problems with soil structure breaking down due to dispersion, the (preferred) level for this purpose is at least 3.
A maximum of one hundred and seventeen (117) days exchangeable acidity was observed and a minimum of fourty two (42) days for cadmium, following the pH trends, an approximate number of thirty (30) days will be required to achieve the expected range of 8 6.0 -6.5 for agricultural soil, Table ( 2). While appreciating the reduction in heavy metals, reduction in soil acidity and increase in exchangeable base cations, were suggested by Imasuen (1987) , Imasuen and Onyeobi (2013) for improving agricultural soil in addition to organic manure.
